The levels of thyroid hormones in paired venous and capillary serum samples taken from (iRhealthy full-term neonates were determined by radioimmunoassay. Compared with capillary values, total thyroxine (T 4 ) , thyrotropin (TSH) and thyroxine-binding globulin (TBG) each showed a significant decrease in venous serum. The mean venous arid capillary concentrations of tri-iodothyronine (Tj], reverse tri-iodothyronine (rT l ) and free thyroxine (fT 4 ) were not significantly different; however, in each case the fitted linear relationship suggested that venous and capillary values were not concordant (P<lJ.(12, P<lJ.(ll, P«J.(15 respectively). Both the T, uptake test and the free thyroxine index (FTI) were significantly higher in venous serum, while the ratios of T 4 to TBG in paired samples were equivalent. These results suggest that consistent sample collection and assay methods should be applied when assessing neonatal thyroid status, particularly if comparison of results is intended.
Previous studies in adults have demonstrated that venous stasis increases the concentration of thyroid hormones and their binding proteins in venous serum. 1-.1 Similar studies have not been conducted on neonates. However, since neonatal serum samples may be obtained by either venepuncture or heel skin puncture. a situation arises whereby the site and/or method of sample collection might influence the concentration of thyroid hormones. The present study was therefore designed to compare the levels of thyroid hormones as well as TBG in paired venous and capillary serum samples from healthy neonates, Furthermore, as differences in the estimation of free thyroxine status occur, depending upon the methodology used.r" the present study also assessed this parameter in neonates using three recognised techniques.
Subjects
Venous and capillary blood samples were taken Correspondence: Dr RC Franklin. Department of Paediatrics and Child Health, Wellington Clinical School, Wellington, New Zealand. 306 consecutively from (iR healthy, full-term infants between 5 and 15 days of age after informed maternal consent, and with the approval of the Research Ethical Committee, Wellington Clinical School. The venous sample was drawn from an antecubital vein with venous stasis being maintained by tourniquet for the time necessary to collect 2 ml of blood, while 2 ml of capillary blood were obtained by heel puncture applying intermittent manual compression. Heat was not applied to the foot prior to taking the capillary sample. All samples were collected by one experienced paediatrician. The serum was separated by centrifugation and stored at -20°C until immediately prior to assay.
Methods
Thyroid hormones were measured by RIA: T 4 and T, using the respective Abbott Laboratories, Chicago, rn., USA, RIA PEG kits; T 1U using the Abbott Triobead T, Uptake kit; fT 4 using the Ammerlex Free T 4 RIA kit supplied by Amersham International Ltd, Bucks., UK; rI', using the Serono reverse-T, kit supplied by Hypolab S.A .. Coinsins, Switzerland; and TBG using the Immunophase TBG RIA Test System from Corning Medical. Medfield. Mass .. USA. TSH was measured by an 'in house' doubleantibody RIA. The TSH standard (IRP 68/38) was supplied by the National Institute for Biological Standards and Control. Hampstead, UK; Calstan TSH label and antibody was supplied by Calbiochern, La Jolla. Calif., USA. The sensitivity of this method was ()'8 mUll. Maximum binding of tracer was 27-35% with non-specific binding being less than 2·8%. The within-assay coefficient of variation was 6·()%, while the mean between-assay coefficient of variation at TSH concentrations of 5·7. 11·2 and 34·5 mUll was 13·4%. Normal values for healthy adults using this RIA system range from undetectable to 6 mUll. Free thyroxine status was determined indirectly by two methods: the FfI (T 4 x T1U)') and the T 4:TBG. 4 These estimates were compared with the direct assay of fT 4 . Preliminary experiments (data not included) indicated the necessity of diluting some samples to permit measurement of T 4 and rT J on the appropriate response curve. Therefore when measuring T 4 or rT J all samples were treated identically by a twofold dilution with the relevant hormone-free serum. T 4-free serum was prepared in the laboratory!" and r'Tj-free serum was supplied with the assay reagents. Both T J and fT 4 were assayed using half volumes of reagents and samples because of the limited sample volumes available. Preliminary experiments (data not included) comparing the measurement of these hormones in full and half volumes demonstrated no significant differences. Paired venous and capillary samples were run in the same assay and all samples were randomised within each assay.
All data was analysed by the paired Student's t-test and further evaluated using Wilcoxon's signed rank test for two related samples. II The slope and intercept of the linear functional relationship between the venous and capillary values of each data set was estimated and the hypothesis that the slope was significantly different from unity tested. 12 This analysis was used to investigate differences that might be overlooked by a simple comparison of means.
Results
The summary statistics for the paired data are presented in Table 1 . The differences between the means for T 4 • TSH and TBG were statistically significant with the venous value being less than the capillary value in each instance. No significant differences were found between the paired venous and capillary T. 1 • rT J and fT 4 means. The differences between the means for TJU and FfI showed the venous values to be greater than the paired capillary values whereas the T 4:TBG means were not significantly different. The Wilcoxon signed rank test for two related samples gave confirmatory results in each instance.
The statistics pertaining to the slopes and intercepts for the linear relationships between paired samples are shown in Table 2 . for T], r'I', and FTI were significantly less than unity and the estimated slope for IT4 was significantly greater than unity. ' / samples has demonstrated differences depending upon the method of assessment. The mean concentrations of T~, TSH and TBG were significantly less in venous compared with capillary serum, with the relevant slope esimates suggesting that these differences were uniform over the entire range of data obtained (see Fig. I ). No significant differences were observed for-the mean concentrations of T 3 , r'I', and fT~. However. the relevant slope estimates demonstrated skewed relationships between venous and capillary values. At low values of T 3 and rT 3 and high values of fT 4 , the venous value tended to be less than the paired capillary value; conversely, at high T 3 and r'I', values and low tT 4 values, the venous value tended to be greater than the paired capillary value (see Fig.  2 ). These latter results clearly show the need to examine the linear relationship between paired values in such comparative studies. as summary data alone may be misleading.
Of the methods for assessing free thyroxine status studied, the f'I', result showed a skewed relationship between venous and capillary values although the means were not significantly different. while for ITI the venous and capillary mean values were significantly different and the slope estimate showed that the difference hetween paired values widened as the ITI increased (see Fig. 3 ). These results contrast with those seen for T 4:TBG. where the com hi ned findings of no significant difference between means and a slope estimate not significantly different from unity (sec Fig. 4 ), suggest equivalence between venous and capillary values.
In summary. of the thyroid hormone assays ami free thyroxine estimations examined. the T 4:TBG was the only instance where paired venous and capillary values were not significantly different over a wide range. Notwithstanding this exception and the realisation that the differences demonstrated are not clinically significant. it would seem appropriate that a consistent technique of sample collection. be it venous or capillary. should be adhered to when obtaining serum from neonates for assessment of thyroid function. Neonatal thyroid status: venous V.I'. capillary 309
